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INTRODUCTION

The discovery of antimicrobial agents is considetedbe one of the ten great public health
achievements of the twentieth century. Initiallgtibacterials were seen as truly miraculous drugs a
considered the “panacea” of Medicine, but nowagldlye evolution of drug-resistant organisms has
greatly impaired their therapeutic efficacy. Thevelepment of antimicrobial resistance is a natyrall
occurring, multifactorial process that is furthexcelerated and amplified by misuse of antibactrial
The antimicrobial resistance crisis is heightengdthe fact that only a limited number of new
antibacterial drugs have been introduced into thekat in the last three decades.

Antibiotics are one of the most commonly used niedi in hospitals and has substantial share from
the hospitals’ budget. As their inappropriate use both medical (increased risk of side-effects,
therapeutic failure), economic (financial burdemdapublic health consequences (selection of
resistance) substantial efforts are needed tonaise their use. Before designing any interverstion
aiming to optimise antibiotic use, data collectard evaluation is needed to identify problemattds.
The use of drugs could be evaluated at generallatipu level and also at individual patient level.

During my PhD work | intended to follow these steps

AIMS

Drug utilization studies

To analyse the changes in the amount and struofuaetibacterial consumption in the hospital
care sector in Hungary between 1996 and 2007

To explore possible regional variations and ingege determinants of antibiotic consumption in
hospital care in Hungary

To show antibiotic related activities of Hungariadult intensive care units (ICUs) and their
parent institutes and analyse antibiotic use ofddmian ICUs (preliminary study).

Pharmacokinetic study

To analyse the pharmacokinetics and pharmacodysaofitevofloxacin in critically ill patients
with ventilator-associated pneumonia (VAP)

To study the associations between pharmacokinetigatient-related parameters

To evaluate the theoretic pharmacokinetic/pharmatachic (PK/PD) appropriateness of different
levofloxacin regimens.



METHODS
Drug utilization studies

All data on systemic antibacterial use (i.e. AnatmhTherapeutic Chemical (ATC) group JO1) in
hospitalized patients were expressed as Definety Daise (DDD) per 100 patient-days. The 2008
version of the World Health Organization’s ATC/DDibdex were used for classifications and
calculations. Hospital-specific antibiotics werefided, as previously proposed by the European
Surveillance of Antibiotic Consumption (ESAC) proieas third- and fourth-generation cephalosporins,
carbapenems, monobactams (note: they have nevernbaketed in Hungary), aminoglycosides, and
glycopeptides.

National and regional level data were originateminfrthe wholesale distribution database of the IMS
PharmMIS Consulting Company, while antibiotic useritensive care units were based on dispensing
data of hospital pharmacy departments. Data orematiays were based on financial statistics where
the days of admission and discharge counted togathene patient-day. Trend analysis was used to
investigate the trends in the national hospitalibéotic utilization through the study period. To
investigate the determinants for regional diffeena hospital antibiotic consumption, we applied a
multiple linear regression method. Data on indepahdariables were extracted from the database of
the Hungarian National Health Fund Administratiblungarian Central Statistical Office and National
Institute for Strategic Health Research. The ass$ioci between hospital and ambulatory care antéiot
consumption in Hungarian regions was tested byPteson correlation test.

To assess the antibiotic related activities of Huren adult intensive care units (ICUs) and theiept
institutes a retrospective questionnaire study peaformed. After the validation process questioresai
were sent to the head of all adult Hungarian ICBsth the questionnaire development and the
evaluation of results were based on the ARPAC @Aatic Resistance Prevention and Control) survey.
To explore differences and study relationships betwantibiotic use and certain possible influencing
factors (e.g. existence of written antibiotic guiide, ICU type, case-mix index) the analysis of
variances (ANOVA) with Bonferonni post-hoc testtbe Pearson correlation analysis was performed,
as applicable. All statistical analyses were pentat with the SPSS program package and P values <

0.05 were considered as statistically significant.
Pharmacokinetic study

A prospective, open-label study was performed betw®eptember 2003 and December 2005 in a
6-bed neurotrauma ICU. The protocol was previoagigroved by the local Ethics Committee. Patient
inclusion criteria were the followings: (a) over \i€ars of age; (b) suspected nosocomial VAP, défine

as a Clinical Pulmonary Infection Score (CPSH; (c) informed consent obtained from the closest
relative, (d) normal renal function defined by astiraated creatinine clearance ¢)L> 50 mL/min,

based on the Cockroft-Gault formula; (e) preserfcetoa-arterial and central venous lines in situ.
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Levofloxacin (2x500 mg on the first day and 1x500 om consecutive days) was administered as a 1-
hour intravenous infusion. Blood samples were ctdié at predetermined times, under steady-state
conditions. The concentrations of free levofloxairirthe plasma were determined by high-pressure
liquid chromatography (HPLC) after minor in-housedifications and validation of a previously
developed method. Pharmacokinetic analysis wasimeed by the WinNonLin; statistical analysis by
the SPSS program package. The possible associmtareen pharmacokinetic and patient parameters
was tested by multiple linear regression.

The pharmacokinetic/pharmacodynamic (PK/PD) apjatgmess and the clinical/microbiological
outcomes of levofloxacin therapy were assessedteBatisolates were identified on species level
using standard methods. Susceptibility to relewntibiotics (including levofloxacin) prior to thgna
was tested by the disc diffusion technique. Theimmwh inhibitory concentrations (MICs) of the
different causative pathogens for levofloxacin waeeermined later, by the E-test method.

RESULTS

National data

The national standardized hospital antibiotic comstion remained relatively stable during the period
1996-2007 (mean + standard deviation: 22.0 + 1.D0#@r 100 patient-days). In each year hospital-
based antibiotic use accounted for 6.0-8.2 % ofdted national consumption. In this section alues

in the text in parenthesis refer to the two endjgoif the study: 1996 and 2007.

In 1996 the tetracyclines, from 1997 the peniciiins beta-lactamase inhibitor combinations (JO1CR)
were the antibacterial group with the highest camstion and co-amoxiclav was the top one antibiotic
agent (Figure 1). All other penicillins groups désged a significant drop in use (Table 1). At thstf
part of the study the second-generation cephalospaaccounted for the bulk consumption of
cephalosporins, while by 2007, the third-generatiephalosporins has played as important role as
second-generation agents (Table 1). Cefuroximetl@snost popular cephalosporin agent through the
whole study period (Figure 1).

Carbapenems exhibited a significant increase in(liable 1), by 2007 the use of meropenem and
imipenem plus cilastatin were almost identical 40v$. 0.16 DDD per 100 patient-days), while the new
agent’s, ertapenem role has remained marginal. ok&erns glycopeptides, we observed a 3-fold

increase in the use of vancomycin (0.05 vs. 0.1®per 100 patient-days).



Table 1 National consumption of antibiotics in hospitéD/ per 100 patient- days) in 1996 and
2007 (A) and results of the trend analysis fortBe/ears of assessment (B)

A B
Antibacterial group 1996 2007 % Chang% R P value
JO1 Systemic antibacterials 24.14 23.28 -3.56 0.0400.901
JO1A Tetracyclines 3.80 1.06 -71.96 0.890 <0.001
JO1CA Penicillins with extended spectrum 3.09 090 -70.74 0.878 <0.001
JO1CE Beta-lactamase-sensitive penicillins 1.51 0.31 -79.82 0.886 <0.001
JO1CF Beta-lactamase-resistant penicillins 0.03 0.06" 82.73 0.837 0.009
JO1CR Penicillin combinations including
beta-lactamase inhibitors 3.16 7.32 131.37 0.974 .060
JO1DB First-generation cephalosporins 0.24 0.25 65.0 0.257 0.421
JO1DC Second-generation cephalosporins 3.34 1.97 1.024 0.609 0.036
JO1DD Third-generation cephalosporins 1.02 1.98 3M5. 0.928 <0.001
JO1DE Fourth-generation cephalosporins 0.0? 0.04 36.10 0.510 0.161
JO1DH Carbapenems 0.07 0.31 343.45 0.962 <0.001
JO1E Sulfonamides and trimethoprim 1.98 0.70 -64.63 0.929 <0.001
JO1FA Macrolides 1.30 1.68 28.96 0.363 0.246
JO1FF Lincosamides 0.43 0.93 118.47 0.973 <0.001
JO1G Aminoglycoside antibacterials 151 0.72 -52.05 0.837 0.001
JO1M Quinolones 2.32 4.17 79.91 0.961 <0.001
JO1XA Glycopeptide antibacterials 0.05 0.19 250.77 0.932 <0.001
JO1XD Imidazole derivatives 0.30 0.44 47.47 0.209 0.515
Parenteral antibiotics 6.39 7.35 15.02 0.452 0.140
Hospital specific antibiotics 2.65 3.25 22.64 0.574 0.051

a: data from 2003 (products were withdrawn from tterket in the second half of 2003):,data from 1999
(products are available from 1999); percentage change as a percentage of the stam (&996);d:
correlation coefficient;e: third- and fourth-generation cephalosporins, apemems, (monobactams),
aminoglycosides, and glycopeptides.

The hospital usage of the sulfonamides and tetliaegcfell to one third of the original value, withe
consumption of aminoglycosides was halved. Therfigoinolones gained an extended usage in the
hospital care, its most prominent representatiypepfioxacin consumption doubled (0.97 vs. 2.36 DDD
per 100 patient-days). Ofloxacine also showed asidemable use and was among the top 10
antibacterials until 2006, when a respiratory farinolone, levofloxacin replaced it in the top-lis
(Figure 1). During the study period, the nationagpital use of antibacterials became less colauirful
1996 the top-list leader doxycycline was respoesibt 15.7% of total hospital antibacterial usejlevh

in 2007 the co-amoxiclav shared 30.1 %.



Figure 1. The relative share of the top 10 antibacteri@mftotal hospital antibacterial use in Hungary,
1996-2007
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Regional differences and their determinants

Despite the stable national standardized hospitihacterial use, there were large variations dejmen

on the region: in each year during the study pefl®96-2007), the difference between the regiornk wi
the lowest and the highest total hospital antibiobnsumption (maximum/minimum ratio) was ranged
between 1.8 and 2.6. Both at the start and end pbithe study, all antibiotic classes showed gdar
interregional variation in their use with a maximuarmimum ratio above two (Table 2). These regional
differences were also present when the use ofrdiffeantibacterial classes, parenteral antibattenia
hospital-specific antibiotics was considered.

The pattern of use also differed considerable betvibe Hungarian regions: the most prominent group,
the penicillins recorded a relative use betweerd 2b6.and 49.2 %, second-generation cephalosporins
between 5.0% and 16.6%, tetracyclines between 2.8n&011.3 %, and fluoroquinolones between
13.9 % and 23.2 % in 2007.

The heterogeneity of antibiotic use also showeeriagional differences: in 1996, the number ofvacti
agents in the DU90% segment ranged from 17 to 28evin 2007 it ranged from 13 to 22. In the
county (Heves) with 13 antibacterials in the DU@@rment in 2007 several antibacterial groups (e.g.
first-generation cephalosporins, beta-lactamassitsem penicillin, penicillins with extended speatn)

were not represented in the DU90 segment, hengeugeewere marginal.
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Table 2 Hospital antibiotic consumption in DDD per 10Qipat-days of Hungarian regions (in 1996 and 2007)

Antibacterial group
JO1 Systemic antibacterials

JO1A Tetracyclines
JO1CA Penicillins with extended spectrum
JO1CE Beta-lactamase-sensitive penicillins

JO1CF Beta-lactamase-resistant penicillins
JO1CR Penicillin combinations including
beta-lactamase inhibitors

JO1DB First-generation cephalosporins
JO1DC Second-generation cephalosporins
JO1DD Third-generation cephalosporins
JO1DE Fourth-generation cephalosporins

JO1DH Carbapenems

JO1E Sulphonamides and trimethoprim
JO1FA Macrolides

JO1FF Lincosamides
JO1G Aminoglycoside antibacterials

JO1M Quinolones

JO1XA Glycopeptide antibacterials
J01XDO01Imidazole derivatives
Parenteral antibacterials

Hospital specific antibacteriéjls

1996 2007
Meant SO Min Max Ratio Max/Min|Mean + SO’ Min Max Ratio Max/Min
24244367 1596  28.24 1.77 21.89+5.79 13.38 34.57 2.58
3.88:0.99 227 6.31 2.78 1.04+0.64 034 313 9.12
3.16+1.42 0.94 6.86 7.28 0.78:0.44 018  1.91 10.47
1.5120.7 0.63 3.40 5.35 0.32:0.21 0.06  0.83 14.03
00200 <001  0.08 nc b
3.04:0.97  1.22 495 4.06 6.96+1.82 3.45  10.82 3.14
0.28:0.16 30.0 0.59 22.88 0.21:0.14 <0.01 0.45 nc
3.43+1.17 60 1. 6.54 4.10 1.99+1.03 063  4.60 7.34
1.01+0.48 903 223 5.78 1.88+0.76 069  3.83 5.58
¢ 0.04+0.03 <001 0.12 nc
0.05:0.06  0.01 0.28 nc 0.23:0.1504  0.59 14.29
2.05:051  1.252.97 2.37 063023 031 115 3.65
1.28+0.35  0.77 2.22 2.89 145:0.64 052  2.93 5.58
0.39:0.19  0.06 0.94 16.24 0.8%:0 021 1.75 8.30
1.620.49 079 872. 3.61 0.64:0.29 0.16  1.29 8.03
2.18+0.62  0.94 3.11 3.30 401£1.21 259 677 2.61
0.04:0.03  0.01 140. nc 0.15:0.09 0.06  0.33 5.28
0.30:0.13  0.06 054 629 0.45:0.2 015 0.88 5.74
6.63+1.46  4.25 8.73 2.05| 6.98:2.07 3.17 10.86 3.43
2.70:0.78  1.60 4.20 2.63 2.93+1.05 096  4.96 5.15

a: standard deviatian b: not marketed in 200%; not marketed in 1996nc: ratio not calculated because of extreme low mimmvalue (mir0.01)
d: third- and fourth-generation cephalosporins, apgmems, (monobactams), aminoglycosides, and giptioies
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Two models were built in the multiple linear regries: in Model 1 the entered variable was the
number of reported infections, while in Model 2 thember of reported infections and the case mix
index (CMI) determined hospital antibiotic use egjional level. Model 1 and Model 2 accounted for
53 % and 61 % of the observed regional variatiantaspital antibiotic consumption, respectively.
Other variables were excluded from both models: memof beds per 10,000 inhabitants; number of
patient days per one hospital physician; percent@etive patient-days, percentage of patient-days
surgical units; percentage of patient-days in isitencare or infectious disease units; averageteoiy
stay; percent admitted cases aged 65 years or aldérnumber hospital admissions per 10,000
inhabitants.

In the Pearson correlation test, interestinglyaltahtibiotic consumption in hospitals showed aitp@s

and significant association with total antibiotansumption in ambulatory care (R=0.71, p=0.002).

Antibiotic related activitiesin Hungarian adult intensive care units and their parent ingtitutes

Responses were received from 60 Hungarian adults ICbiresponding to 2% response rate.
Existence of drug therapy committee and antibiotimmittee was reported in 58 (97%) and 23 (38%)
hospitals, respectively. The involvements of déferprofessions with special role in antibiotic ase
summarized on Figure 2.

As concerns antibiotic therapy, multidisciplinargain — involvement of intensive care physician,
clinical microbiologist/infectologist, hygienist drpharmacist were realized in 7-7 hospitaishalf of

the hospitals (52%) the frequency of these commitieetings was twice a year or even less frequently

Figure 2. Constitution of hospital committees

O pharmacist 1

[T 50 - [T e
O B ICU physician RN 2

216

M clinical microbiologist/infectologist

I hospital hygenist

o 20 40 60 B multidisciplinary 0 ;0 ;0 {;0
Constitutio_n of drug therapy Constitution of antibiotic
committees (N=58) committees (N=23)

Written antibiotic policy and guideline for empirantibiotic therapy was available in 27 (45%) ICUs.
These guidelines were worked out in only 13 plgd&86) by hospital committees. Pharmacists were
only indirectly involved in these guideline devetopnts, overall in 11 cases (41%). The four core

information elements: first choice of drug, recomhed dosage, alternative choice and length of
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therapy were indicated in 27;22;20 and 11 guidslimespectively. The four core information elements
together were indicated in 9 guidelines.

Locally organized education on antibiotic use wasfggmed in 35 ICUs (58%), education on both
antibiotic use and consequences of resistanceajgwent was performed in 26 ICUs (43%) in the two
years before completing the questionnaire. Phastgauiere involved in 3 cases (9%), pharmaceutical
companies in 14 cases (40%) of these educatiossioses. Continuous education on antibiotic use was
realized in three ICUs (9%), while the efficacy exfucation sessions was surveyed in only 4 ICUs
(11 %). Among the three most useful information rsea the microbiology report (45 answers),
national guidelines (37 answers) and the infecisttsyadvice (31 answers) were listed most oftel, a
pharmacists were selected only once. Statisticartibiotic use were performed in 33 units (55%).
Financial aspects, frequency of antibiotic use, liguaf antibiotic use and crude measure of
quantitative antibiotic use (i.e. number of paclgeere surveyed at 22, 20, 15 and 6 ICUs,
respectively. Standardized antibiotic use express&DD per 100 patient-days was calculated in only
5 ICUs (8%). Prescribers received personal feed-bache results of the antibiotic use survey anly
one ICU. As concerns the ward level activities b&pnacists, we found that they participated inydail
rounds in none of the units. Most units never (B5veers, 42%) or maximum monthly (23 answers,
38%) ask the pharmacists about antibiotics. Imprevg of antibiotic use is believed to be reached by
education of doctors (45 answers, 75%). Only 5sufii$o) indicated that involvement of a pharmacist

might help in rationalising antibiotic use in theure.

Antibiotic usein Hungarian adult intensive care units

Out of the 60 ICUs who participated in the quesiare survey, 49 were able to provide crude
antibiotic use data for 2006. During the validatmncess, 5 ICUs was excluded from the analysis.
Consumption of systemic antibacterials varied widehnging between 27.91 to 167.79 DDD per 100
patient-days. The proportional use of parenterahtmyat Hungarian ICUs ranged between 46.15 to
98.30 % of total antibacterial use (in average:08%). In surgical ICUs slightly higher total
antibacterial use and significantly higher pareaitand hospital-specific antibiotic use were detéct
Significant differences in total, parenteral andital-specific antibiotic use were also found besw
ICUs with different category (i.e. level of car€dure 3).

The mean of overall antibiotic use was highestpfemicillins with beta-lactamase inhibitors, follodve
by quinolones and third generation cephalosporif@ble 3). Similar ranking were detected in
interdisciplinary and surgical ICUs. In medical I€lthe consumption of quinolones out-ranged other
classes of antibacterials (Table 3). StratificatipnICU type also showed differences in the use of
second generation cephalosporins and glycopeptitiésh were used in higher quantities in surgical
ICUs.



Figure 3. Box plot of antibiotic use stratified by ICU typad ICU category
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In this pooled analysis, none of the elements dfbantic policy (existence of written antibiotic
guideline, antibiotic prescribing authority, rested antibacterials, education on antibiotic use,
frequency of infectologist consultation) showedé&baccompanied by lower antibiotic use.

Association between antibiotic use in ICUs andlémgth of stay (R=0.104, P=0.502) or the case-mix
index (R=0.023, P=0.857) also could not be deteictdide correlation analysis.



Table 3. Antibiotic consumption in DDD per 100 patient-dagdHungarian ICUs, 2006

All ICUs Medical InterdisciplinarySurgical
Antibacterial group Mean+tSD  Min  Max Mean

JO1 Systemic antibacterials 98.69 +30.88.91 167.79 90.60 92.26 113.16
JO1A Tetracyclines 0.774#1.91 0.00 875 0.94 0.90 450
JO1CA Penicillins with extended
spectrum 2.00£6.08 0.00 38.351.79 0.65 5.00
JO1CE Beta-lactamase sensitive
penicillins 0.59+1.39 0.00 6.65 0.13 0.71 0.70
JO1CF Beta-lactamase resistant
penicillins 0.35+1.16 0.00 5.44 0.00 0.11 1.17
JO1CR Combinations of penicillins
including beta-lactamase inhibitors 19.89+8.13 4.018.87 15.35 22.45 16.96
JO1DB First-generation cephalosporins  0.31+0.63000. 2.32  0.00 0.24 0.55
JO1DC Second-generation
cephalosporins 5.33+7.98 0.00 39.18.57 3.16 11.30
JO1DD Third-generation cephalosporink5.19+49.44 0.00 40.2210.24 15.88 15.45
JO1DE Fourth-generation
cephalosporins 1.28+1.86 0.00 7.46 1.03 0.90 1.86
JO1DH Carbapenems 9.46+6.62 0.24 35.98.76 8.31 12.02
JO1E Sulfonamides and trimethoprim 0.94+1.72 0.0B22 0.85 1.23 0.41
JO1FA Macrolides 2.41+3.00 0.00 12.451.66 2.80 1.67
JO1FF Lincosamides 25742.19 0.00 958 3.22 222 392
JO1G Aminoglycoside antibacterials 6.40+4.91 0.1®.68 6.56 6.33 6.62
JO1M Quinolone antibacterials 17.02+9.33 3.27 @7.22.43 16.38 14.42
JO1XA Glycopeptide antibacterials 5.57410.32 0.0884.42 3.63 3.13 12.35
JO1XD Imidazole derivatives 8.49+8.38  0.00 44.180.45 6.73 9.61

SD: standard deviation
Pharmacokinetic study

Twelve of the 14 enrolled patients completed thelystTable 4). The primary diagnoses leading to ICU
admission are listed in Table 5.All patients reedilevofloxacin as monotherapy, with an averaggtleof
treatment of 7 days. A high severity of illnessc@ding to the Simplified Acute Physiology Scorg A
low albumin level and a high estimated creatinifea@nce (Ckr) were general characteristics of the
patient population (Table 4). The mean steady-setefloxacin plasma concentration—time profile is
shown in Figure 4, whilst overall pharmacokineticigables are summarised in Table 4.

Of the 12 patients with ventilator-associated pnenim (VAP), 11 had a microbiologically confirmed
bacteriological aetiology. A total of 14 levofloxaesensitive microorganisms were isolated (Table 5)
Methicillin-sensitive Staphylococcus aureus and uBsenonas aeruginosa sensitive to most

antipseudomonal drugs were the most frequent esalat
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Table 4. Patient characteristics and steady-state levaflioxpharmacokinetic parameters following
intravenous administration of a 500 mg/day maimeeralose to critically ill patients

Patient parameters (mean = SD) Pharmacokineticgess (mean + SD)
Males/Females 715 fCrax ss(Mg/L) 8.13+1.64
Age (years) 40.25 +£22.01 fCrin,ss(MQ/L) 0.48 +0.33
Weight (kg) 72.33+13.34 Vg (L) 82.51 +18.93
SAPS I 40.42 £14.93 Tuz () 6.23 £1.60
CLcg (ML/min) 169.63 + 55.94 CL (mL/min) 178.09 + 57.98
Albumin (g/L) 29.08 +5.35 fAUC (mgh/L) 49.63 + 15.60

SD: standard deviationSAPS II: Simplified Acute Physiology Score Il, determined the day of
admissionCL cr: estimated creatinine clearance based on the @atkGault formula fCpaxss maximum
free plasma concentration at steady st&é@i,ss Minimum freeplasma concentration at steady-stétg;
volume of distribution;T1: elimination half-life; CL: total body levofloxacin clearanceAUC: steady-
state area under the free plasma concentration<time over 24 h.

Figure 4. Mean (+SD) steady-state plasma levofloxacin cotreéon - time profiles after multiple
intravenous administration of 500 mg/day to pasesith ventilator-associated pneumonia (n=12).
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CLSI: Clinical and Laboratory Standards InstituA¢]C: area under the concentration time curve over,24 h
Cmax. maximum plasma concentratidvjC : minimum inhibitory concentration

At the end of levofloxacin therapy, eight patiemtere completely cured, three patients showed an
improvement and treatment failed in one patientct&al eradication of the aetiological agent was
achieved in nine cases. However, in two cases gnardecrease in the number of CFU was observed.

No superinfection was observed in any of the cases.
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Table 5. Admission diagnosis, causative pathogens, indalipharmacokinetic and PK/PD parameters and owafrtevofloxacin therapy in critically ill
patients with ventilator-associated pneumonia

Patient Primary . . MIC fCrax,ss Cmaxss FAUC AUC Outcome
ID  diagnosed €tiological agents .y (oY (mg/l) (mg hiL) (mg by CmexsMIC AUCMIC
Clinical Microbiological

01 SAH N/A N/A 7.68 11.13 41.26 59.80 N/A N/A Impexd N/A
02 T E. coli 0.016 960.05 7465.67 ' Eradication

E. cloacae o0s3 1060 1536 8242 11945 00 qo11pp  FAIMME Eradication
03 CSI K. pneumoniae 0.125 5.94 8.61 34.87 50.53 68.90 404.26 Cure Eatidn
04 MT  P. aeruginosa 0.25 9.54 13.82 67.11 97.26 55.29 389.03 Cure Eatidn
05 MT  S.aureus 0.125 79.04 417.10 Eradication

6.82 9.88 35.98 52.14 Improved

S. marcescens 0.125 79.04 417.10 Eradication
06 MT  S. maltophilia 0.25 6.31 9.15 28.28 40.98 36.60 163.93 Cure Feailur
07 BT P. mirabilis 0.063 7.74 11.22 43.16 62.56 179.55 1000.88 Cure adi&ation
08 SAH S. aureus 1 9.55 13.84 61.41 89.00 13.83 89.00 Improved Failu
09 MT  P. aeruginosa 0.25 10.22 14.81 59.73 86.57 59.22 346.28 Cure iEaton
10 MT  S.aureus 1 9.13 68.84 Eradication

6.30 9.13 47.50 68.84 Cure

P. aeruginosa 0.125 73.06 550.75 Eradication
11 SAH E. coli 0.032 7.62 11.04 41.12 59.59 34511 1862.27 Cure adi€ation
12 MT  Enterobacteispp. 0.25 9.26 13.42 52.68 76.35 53.68 305.41 Cure  Eradication

MIC : minimum inhibitory concentratiofCnaxss Maximum free plasma concentration at steady;statg ss calculated maximum total plasma concentration
at steady-state (i.e. after adjusting for 31% pmnotending); fAUC: steady-state area under the free plasma contientrtame curve over 24 hAUC:
calculated steady-state area under the total plasmeentration—time curve over 24 h (i.e. afteruatipg for 31% protein binding)SAH: subarachnoid
haemorrhagd\/A: not available]T: trauma;CSl: cervical spine injuryMT : multiple traumaBT: brain tumour.
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The threshold AUC/MIC for a successful clinical/naibiological outcome of >100-125 was achieved
in all but two cases. Optimé&h,,/MIC (>10) was attained in 10 of the 11 availalkdses (Table 5).

The highest levofloxacin MIC of bacteria that fldfithe minimum AUC/MIC ratio X100) for the
present dosage regimen and with the average phakinatic parameters is 0.72 mg/L. To achieve the
optimal C,o/MIC (>10), the present dosing regimen would allow an MIC1.18 both for Gram-
negative and Gram-positive pathogens (Figure 4)IeTé shows the number of subjects (out of the 12
patients) with desired PK/PD target achievememlifiérent dedicated MIC values with the 500 mg or

1000 mg daily levofloxacin regimen.

Table 6. Number of subjects of the 12 critically ill patis achieving desired
pharmacokinetic/pharmacodynamic targets with 500mB000 mg daily levofloxacin, considering

total drug exposufe

Target Study MIC° Dedicated MIC values
PK/PD
-§ parameters 0.31 mg/L 0.25 mg/L 05mg/lL  1mg/L 2 mg/|_C
5 Cnax/MIC Number of patients achieving the indicated targgt/®1C
IS 10 12 12 12 8 0
2 12 12 12 12 5 0
.§ AUC/MIC Number of patients achieving the indicated tardgdCAVIC
E’ 30 12 12 12 12 7
o 50 12 12 12 11 1
3 100 12 12 11 1 0
125 12 12 7 0 0
250 4 7 0 0 0
Target Study MIC° Dedicated MIC values
- PK/PD
) parameters 0.31 mg/L 0.25 mg/L 05mg/L  1mg/L 2 mg/L°®
é CmadMIC Number of patients achieving the indicated targaa&/MIC
9 10 12 12 12 12 8
~ 12 12 12 12 12 5
g AUC/MIC Number of patients achieving the indicated tardgdCAVIC
g 30 12 12 12 12 12
= 50 12 12 12 12 11
S 100 12 12 12 11 1
125 12 12 12 7 0
250 12 12 7 0 0

MIC : minimum inhibitory concentratiorCna: maximum total plasma drug concentratiétjC:
area under the concentration—-time curae;desired pharmacokinetic/pharmacodynamic target
achievement, calculated from the observed indivigharmacokinetic parameters after correction
for 31% protein binding (i.6AUC/0.69 = AUC);b: average MIC of the 14 pathogens isolated in
this study;c: approved susceptibility breakpoint for levoflokac

We observed a weak positive association (R=0.78.005) between the levofloxacin clearance (CL)
and the estimated creatinine clearancedCEurther relationship between pharmacokinetic patars
and patient parameters were not revealed.
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SUMMARY

My main findings are as follows:

. Total hospital antibiotic consumption in Hunganpeessed as DDD per 100 patient-days
remained relatively stable between 1996 and 200meSof the observed changes in the
pattern of consumption are consistent with theonati and international recommendations
(decreased used of tetracyclines, sulfonamides, anthoglycosides, increased use of
respiratory fluoroquinolones), however the low tigeneration cephalosporin and narrow
spectrum penicillin (beta-lactamase sensitive agtd-tactamase resistant penicillins) use as
well as the less heterogeneous antibacterial usgiree attention. In international
comparison, the reason for substantial share ofratide, lincosamide, fluoroquinolone,
third-generation cephalosporin and penicillin plsta-lactamase inhibitor consumption

from total use should also be addressed in futheerpacoepidemiological studies.

. There were constantly large interregional diffeesin the Hungarian hospital antibacterial
consumption. The pattern and heterogeneity of aatévial use also differed considerable
between Hungarian regions. The differences in tdtapital antibacterial use were
moderately explained by the number of reportedctidas and the case mix index (CMI),
and surprisingly we observed a positive relatiomdietween the regional hospital care and
ambulatory care antibiotic consumption. All of thamay suggest that other determinants
that could not be explored in this dissertatioy.(eegional prescribing habits or marketing
practices) may also contribute to regional diffees) Therefore future studies should aim at
collecting data for each individual hospital, adlwae data on other possible determinants for
hospital antibiotic consumption.

. Minimal requirements defined by the Antibiotic Reance Prevention and Control
(ARPAC) project have not been fulfiled in many ests: multidisciplinary hospital
committees were not realized, and the activity ofgital committees in the antibiotic
guideline development was not satisfactory. Thermftion content of empiric antibiotic
guidelines was also deficient. Continuous educatéord calculation of standardized
antibiotic use was rare. The role of pharmacistaieed marginal in every field. All these
findings suggest the need for appointment of aamesiple, multidisciplinary antibiotic

management team including a pharmacist.
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. Consumption of systemic antibacterials varied widelp to six fold) and the proportional
use of oral agents also greatly differed at Humgaedult ICUs. It was difficult to explain
the quantitative differences; the only factor whatiowed significant association with total
antibacterial use was the ICU category (i.e. l@f@are). However in many Hungarian ICUs
this was the first time when antibacterial use wggressed in a standardized consumption
unit. The striking differences in total antibiotise and high use of oral agents in some ICUs
— that could not be explained satisfactory in #higly — may indicate room for improvement

in some ICUs and require further analysis.

. Low dose (500 mg per day maintenance dose) intcuselevofloxacin therapy proved to be
an effective regimen in this limited number of ically ill patients with VAP. The target
PK/PD thresholds of clinical/microbiological effioa(AUC/MIC ratio>100; G,./MIC >10)
were exceeded in almost every case. The lack afioakhip between £, AUC and patient
parameters do not allow any prediction for thesep@kameters. According to the measured
pharmacokinetic parameters, the highest safe lexafin maintenance dose (1 g/day) would
ensure optimal PK/PD levels up to an MIC of 1.5 Imgthich is lower than the currently
used MIC susceptibility breakpoints for levofloxadnote: for most pathogens), therefore

lowering of MIC susceptibility breakpoints for leflaxacin should be considered.

In conclusion, the continuous and close monitoh@ntibacterial use at national, regional and lloca
level should be considered as an important putdadth priority to find problematic areas and trends
which may require interventions. Also, the detemtion of optimal dosage in specific patient

populations (i.e. ICU patients) could help in emsgiclinical/microbiological efficacy.
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